Introduction
It is only recently that the species or guild (Root 1973 ) composition of island birds, and the ecological features of islands where individual species occur have been considered. Diamond (1975) has shown in a study of the land birds of New Guinea's satellite islands that each species occurs at different rates in different-sized islands with different number of species. He also found in the same islands that only some particular combinations of species in a guild are found and the other combinations do not occur. Similar results have been obtained by Abbott et al. (1977) who studied Darwin's finches in the Galapagos Islands. Terborgh et al. (1978) , in the study of the land birds of Lesser Antilles, found that the same group of species appears consistently in many small islands, and that this fact cannot be explained only as a consequence of superior dispersal ability in some particular species. Such studies, dealing with the ecological requirements of species and the competitive interaction between them contribute greatly to the understanding of community structure and its evolution.
The object of the present paper is to analyze the distribution of woodpeckers in the Japanese Islands and neighboring islands from the ecological viewpoint mentioned above. The main subjects discussed are the ecological features of islands where each species occurs, the occurrence rates of each species in relation to the size and remoteness of the islands, and the combinations of coexisting species. Woodpeckers were chosen because reliable records of their distribution can be obtained easily from many reports and papers written in Japanese. Also, certain interesting problems are included in the geographical ecology of this group of birds.
Materials and Methods
The woodpeckers treated in this paper are the following 11 species of Picinae: Japanese Green Woodpecker Picus awokera, Grey-headed Green Woodpecker Picus canus, Pryer's Woodpecker Sapheopipo noguchii, Black Woodpecker Dryocopus martius, Whitebellied Black Woodpecker Dryocopus javensis, Great Spotted Woodpecker Dendrocopos major, White-backed Woodpecker Dendrocopos leucotos, Lesser Spotted Woodpecker Dendrocopos minor, Grey-crowned Pigmy Woodpecker Dendrocopos canicapillus, Japanese Pygmy Woodpecker Dendrocopos kizuki, Three-toed Woodpecker Picoides tridactylus. The names of the islands are as follows: 1, Sakhalin; 2, Hokkaido; 3, Honshu; 4, Shikoku; 5, Kyushu; 6, Taiwan; 7, Etorofuto; 8, 9, 10, 11, 12, Teuri jima; 13, 14, 15, Daikoku jima; 16, 17, Hideshima; 18, Sankan jima; 19, 20, Ashi jima; 21, Kinkazan; 22, Of these 11 species, Picus awokera and Sapheopipo noguchii are endemic to Japan, while the other nine species are also distributed in the Asian Continent. Picus canus, Dendrocopos major, and Dendrocopos leucotos are Trans-Palearctic and Oriental species, and Dryocopus martius and Dendrocopos minor are Trans-Palearctic species. Dryocopus javensis and Dendrocopos canicapillus are distributed in eastern and southern Asia, and Dendrocopos kizuki occurs in eastern Asia. Picoides tridactylus is a Holarctic species.
The analysis of the distribution of these 11 species was based on data from the 98 Japanese Islands and neighboring islands including Sakhalin, southern Kuriles, Taiwan, Chechu-to, and Ururun-to (Fig. 1) . Most of data on the distribution of the woodpeckers in these islands have been summarized by Higuchi and Koike (1978) , who gathered the information from 135 reports and papers, 20 personal communications, and their own investigations in about 30 islands. The rest of the data come from our further field work in Setonaikai-shoto (No. 51-63 in Fig. 1 ) and Tobishima, and from several additional reports and papers which were overlooked in our previous paper. Moreover, further personal communications could be obtained on some islands (Nos. 16, (70) (71) (72) (73) (74) (75) (76) (77) (86) (87) (88) (89) (90) (91) (92) (93) (94) in Fig. 1 ) off Hokkaido, Kyushu, and Okinawa, where data in the breeding season were scarce.
The majority of the islands investigated are forested. The forests are composed mainly of broad-leaved evergreen trees such as Castanopsis, Machilus and Camellia Quercus, Picea and Abies in northern islands. However, in many islands the natural forests are now more or less changed into the afforested woodland of Cryptomeria, Chamaecyparis and Pinus. Among the islets of less than 1 or 2km2 in area, there are ones occupied only by grassland and bushes. Yururi-to, Moyururi-to, Daikoku jima, Hegura-jima, Mimiana-jima, Sabaru-jima and Me-shima are included in such islets.
In the present study, only the breeding distribution was used for analysis. This was because more data are available for the breeding season, and because there are islands which are inhabited by these woodpeckers only outside the breeding season. As the immigrant woodpeckers may be found until May in such islands, the occurrence in June, the distance effect that the remote islands tend to have fewer species is not clearly found . The number of islands where each species breeds is different from species to species . The number is 32 in Dendrocopos kizuki, 11 in Dendrocopos leucotos , 10 in Picus awokera, 7 in Dendrocopos major, 4 in Dryocopus martius, 3 in Picus canus, 2 in Picoides tridactylus and Dendrocopos minor, and 1 in Sapheopipo noguchii, Dryocopus javensis and Dendrocopos canicapillus. Of these 11 species, P, canus, D. minor, D. canicapillus and P . tridactylus are restricted to the large islands of more than 17,000km2 in area, which are called "mainland" from here on. P. canus occurs in Hokkaido, Sakhalin, and Taiwan , D, minor and P. tridactylus in Hokkaido and Sakhalin, and D. canicapillus in Taiwan . S. noguchii and D. javensis occur only in one rather large island, Okinawa (1 ,257km2) and Tsushima (698km2), respectively. The other five species, i. e. P. awokera, D. martius, D. major, D. leucotos and D. kizuki, are found both in the mainlands and in the outlying islands . Fig. 3 shows the occurrence of the last four species, except D . martius, in relation to the size and remoteness in the outlying islands. D. martius breeds only in Kunashirito which is 1,500km2 in area and 23km from Hokkaido. Among the four species, D. kizuki is most widely distributed, and breeds in islands of less than 1km2 to more than 100km2 in area, and of less than 10km to more than 100km from the mainland . The occurrence rates tend to be higher in larger and nearer islands, though the trend in remoteness is not so clear as that in area. For example, in the islands of less than 10 km from the mainland, the rate increases from 7.7% in less than 1km2 in area through 20.0% in 1-9km2 to 100% in more than 9km2, while in the islands of more than 99km2 in area , the rate decreases from 100% within 10km of the mainland through 72.7% in 10-99km Fig. 3 . Frequency distributions of the occurrence of woodpeckers in relation to the size and remoteness of islands. In this figure, islands are classified into 12 classes based on island sizes and the distance from the nearest mainland. The occurrence rates (%) are calculated by dividing the number of islands where the woodpeckers breed in each class by the total number of the islands in that class. The fraction shown at the low-right in each category is the sample size. It is different by species, because islands off Hokkaido and those off Kyushu are excluded in P, awokera and D. major, respectively. These two mainlands do not have these woodpecker species.
to 57.1% in more than 99km. The ranges of the other three species in the outlying islands are much more restricted. P. awokera breeds in the islands of 1-9km2 and more than 99km2 in area and of less than 100km from the mainland. D. major and D. leucotos have a similar trend, occupying the islands of more than 99km2 in area and of more than 9km from the mainland. However, the two species are almost geographically exclusive in these small islands. As shown in Fig. 4 , D, major breeds only in northern islands off Hokkaido, whereas D. leucotos breeds mainly in more southern islands. The only outlying island where both species breed is Kunashiri-to off Hokkaido. The tendency of occurrence rates in relation to the size and remoteness of islands is not clear in these three species. Table 2 shows the abundance of the species combinations in the outlying small islands where only two of the last four species (P. awokera, D. leucotos, D. major, D. kizuki) breed. Only three of the six possible combinations are present as pairs. All these combinations are composed of D. kizuki and another species. The most frequent (five islands) is the D. kizuki/P, awokera combination, and the combination of D, kizuki with D, major or D, leucotos is found in three islands, respectively. The combinations of P. awokera/D. Combinations of three species are not found in small islands of less than 1,000km2 in area, and such triplet types are found only in three larger islands or mainlands. Of the three cases, two are the P. awokera/D. leucotos/D. kizuki combination in Kyushu and Shikoku, and one is the P. canus/D. leucotos/D. canicapillus combination in Taiwan. The quartet-type combination occurs only in Kunashiri off Hokkaido. It is composed of Dryocopus martius, Dendrocopos leucotos, D. major, and D. kizuki.
Discussion
The restrictions of distributions in Picus canus to Hokkaido and northward and to Taiwan, in P. awokera to Honshu and southward, in Dendrocopos minor and Picoides tridactylus to Hokkaido and northward, in Dryocopus javensis to Tsushima, in Sap heopipo noguchii to Okinawa, and in Dendrocopos canicapillus to Taiwan are probably due to the historical factors related to the formation of the Japanese Islands in the geological age, particularly in the glacial epoch. This aspect of the distribution in these woodpeckers and other birds has been discussed to some extent by Kuroda (1950) , Morioka (1970 Morioka ( , 1974 , Yamashina (1974) and others, and is not treated in this paper.
The tendency for larger islands to have more woodpecker species is a miniature of the large scale species-area relations which are known for many animals and plants in many islands (e. g., MacArthur and Wilson 1963 , 1967 , Diamond 1972 . We can see from Fig. 3 and Table 1 how the main mode of Fig. 2 is formed. The species breeding in the islands of less than 100km2 in area is mainly D. kizuki. As shown in Table 3 , D. kizuki is the smallest species, and so it could maintain populations in such small islands. As the area increases, P. awokera, D. leucotos, D. major, and others join D. kizuki in such order. However, certain species cannot occur in some islands by their remoteness, not by their size. Fig. 3 and Table 1 suggest that the typical species whose colonization of outlying islands is effectively prevented by the expanse of sea are P. awokera and P. canus, whereas the species which is least affected by such distance effect is D. kizuki.
The number of pair-type combinations including species which breed in outlying islands as well as in mainlands were 5 in D. kizuki/P. awokera, and 3 in D. kizuki/D. major and D. kizuki/D. leucotos. Because the number of outlying islands where the four species breed are 27 in D. kizuki, 7 in P. awokera, 5 in D. leucotos, and 4 in D. major, the abundance of the species combination is partly related to the abundance of the islands where those species breed.
However, such an explanation does not apply to the absence of the combinations D. leucotos/D. major, P. awokera/D. leucotos, and P. awokera/D. major. Table 4 shows the body size ratios of larger species to smaller species in the possible two-species combinations in the outlying islands. As shown in the table, all the ratios of occurring combinations are much larger than those of nonexistent combinations. They are about 1.5-1.8 in the wing length, 1.9-2.9 in the culmen length, and 3.5-6.2 in the body weight for occurring combinations, compared with 1.1-1.2, 1.2-1.4, and 1.0-1.8 respectively for nonexistent combinaions. The differences in body sizes are closely correlated with the differences in ecology such as food, feeding methods and feeding sites (Lack 1947 , 1971 , Hutchinson 1959 , Diamond 1973 . In Dendrocopos woodpeckers, for example, the larger species with stouter bill tend to forage on lower and thicker trees by percussion rather than by the pecking and gleaning used more often by smaller species (Matsuoka 1977) . Moreover, in general, the more two species are different in body sizes, the more they differ in their feeding ecology. Matsuoka (1977) , who studied the ecology of the five sympatric species of woodpeckers in Hokkaido, has shown that the ecological overlaps (Ro in Horn 1966) in feeding sites and feeding methods are larger among the two con- generic species that are more similar in their body sizes. Therefore, the absence of the D. leucotos/D. major combination strongly suggests ecological incompatibility between the two species. Also in the other nonexistent P. awokera/D. leucotos or P. awokera/D. major combinations which are composed of species belonging to different genera, the possibility of ecological incompatibility is suggested by their similar body sizes.
Certainly, the two more existent pair combinations, i. e., Sapheopipo noguchii/Dendrocopos kizuki in Okinawa and Dryocopus javensis/Dendrocopos kizuki in Tsushima, are composed of the two species which differ markedly in body sizes and ecology. The ratios of larger species to smaller species in the wing length and culmen length are 2.0 and 2.5 in S. noguchii/D. kizuki, and 3.1 and 4.4 in D. javensis/D. kizuki (Table 4) .
Moreover, the suggestion of ecological incompatibility in the nonexistent combinations is also supported by the fact that those combinations can be found temporarily outside the breeding season. For example, in Kinkazan and Yaku-shima where the two species of P. awokera and D. kizuki are resident, D. leucotos and /orD. major also have often been observed outside the breeding season (Sato et al. 1968 for kinkazan; Shirai 1956 , Ogasawara and Kobayashi 1972 , Wild Bird Society of Japan 1975 . In Oki where the two species of D. leucotos and D. kizuki breed, P. awokera and D. major have also been observed (Uchida and Yamane 1977) . Moreover, there are many papers that report temporal observations of the woodpeckers in the islands without resident or breeding species (see Higuchi and Koike 1978) . These facts show that it is not true that the species in nonexistent combinations do not occur together because they cannot have a chance to meet each other.
Then, how are the nonexistent combinations prevented from occurring? In D. leucotos and D. major, the difference in adaptation to climate, in particular to temperature, seems to be associated with their competition, since D. major breeds only in the northern islands off Hokkaido whereas D. leucotos breeds mainly in more southern islands. The difference between the two species in the adaptation to climate is also suggested by the difference in their abundances on the mainlands. The two species coexist in Hokkaido and Honshu, but the density of D. major tends to be lower in southern parts of Honshu, and of D. leucotos in Hokkaido (Japanese Association of Preservation of Birds 1977), though close investigation of this subject has not yet been conducted. Thus, the absence of D. major in southern mainlands such as Kyushu and Shikoku may be more largely due to the influence of the climate rather than to the size factor of the islands, though the continental subspecies of the same species are distributed as far south as Foochown and Human in China (Cheng 1976), northern Burma and Laos (King and Dickinson 1975) .
In P. awokera and D. leucotos, the difference in the ability or inclination to disperse may serve to prevent the occurrence of the two-species combination. All the islands where P. awokera breeds are within 60km of the nearest mainland and were connected by land bridges to the mainland in the glacial epoch of about 20,000 years ago (see Fig. 4 , Minato et al. 1965) . On the other hand, at least two (Sado and Amami-oshima) of the five islands where D. leucotos breeds were not connected to the mainland in that period (Minato et al., 1965) , and the other two islands except Kunashiri-to are more than about 70km apart from the mainland. Hence, D. leucotos might colonize the remote islands which P. awokera cannot or does not colonize. D. major need not compete with Picus species in the northern islands off Hokkaido, because P. canus in Hokkaido mainland has not colonized the islands. There are no records of P. canus in the islands even outside the breeding season (Higuchi and Koike 1978) .
The triplet-type combinations are composed of one Picus species and two species of the largest and smallest of Dendrocopos, i. e., P, awokera/D. leucotos/D. kizuki in Kyushu and Shikoku, and P. canus/D. leucotos/D. canicapillus in Taiwan. Such combinations that contain two dissimilar species of the same genus and one species of another genus are very effective in reducing their competition to a minimum in an island, though the participation of D. leucotos instead of D. major in the above combinations seems to be partly related to the climatic effect as mentioned earlier.
The quartet-type combination occurring in Kunashiri is composed of Dryocopus martius and three species of the largest, medium and smallest of Dendrocopos, but of the four species, Dendrocopos leucotos, a largest species of the genus, and Dryocopus martius are scarce there (Nechaev 1969) . Taiwan has large area and varied environments, and seems to be able to have a quartet-type combination instead of the triplet-type one. The prevention from including one more species, D, major, in the combination may be due to the dwarfish body sizes of D. leucotos (see Table 3 for the measurements) which probably resulted from the absence of D. major in addition to the following to the Bergmann's Rule, since D. major occurs in Hainan (19.0N, 109.3E) without D. leucotos.
From these results it is concluded that when more than one species of woodpecker colonizes an island they must differ markedly in body sizes and so in ecology, and that the extent of the difference should be larger in the combinations of fewer species in small islands. Similar conclusions have been drawn from the ecological study of Galapagos ground finches Geospiza by Abbott et al. (1977) .
Finally, it is noteworthy in this context that the body sizes of Picus canus and P. awokera are similar to each other in the Japanese Islands where the two species are allopatric. In Europe where P. canus and P. viridis, a European geographic representative of P. awokera, are sympatric, they differ remarkably in their body sizes. The ratio of total lengths of larger species to smaller species is 1.0 in Japan and 1.3 in Europe (Enomoto 1941 for the Japanese measurement, and Heinzel et al. 1972 for the European one). Therefore, the similarity of body sizes in Japanese Picus species might be due to competitive release as a result of their allopatric distribution. Incidentally, Momiyama (1929) and Kishida (1936) reported that P. canus occurred in Nikko, a middle part of Honshu, in about 1930, but nobody has observed the species since then. If the reports are correct, the relict population of the species there is thought to have become extinct. If so, the cause of the extinction may lie in its body sizes which were probably similar to those of P. awokera which was sympatric there. However, the records of P. canus in Nikko appear to me to be doubtful (see also Austin and Kuroda 1953 2. The number of breeding species tends to be larger in larger islands. 3. Among the five species which breed both in the mainland and outlying islands, the occurrence in the outlying islands differs in relation to the size and remoteness of islands.
4. The two species coexisting in an outlying small island are those which are markedly dissimilar in their body sizes and ecology. The body size ratios of larger to smaller species are more than 1.4, 1.8, 3.4 in the wing length, culmen length and body weight, respectively.
5. The nonexistent combinations such as D, leucotos/D. major, P. awokera/D. leucotos or P. awokera/ D. major are considered to be prevented from occurring by the ecological incompatibility between the two species, not by the absence of a chance to meet each other.
6. Triplet-type combinations are also those which are effective in reducing the competition to a minimum in an island.
